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A  HSTltACT 

The  purpose  of  this  study  was  to  determine  the  effects  of  tiro  deflection  on 
rolling  resistance  and  tire  life.  The  tests  were  conducted  on  a  slundard  H  I -inch 
diameter  aircraft  tire  dynamometer.  Some  qualitative  effects  of  deflection  were 
determined. 

The  rolling  resistance  of  a  pneumatic  tire  subjected  to  n  load  acting  through 
the  wheel  axis  and  normal  to  the  contact  patch  plane  is  a  function  of  velocity, 
deflection,  and  carcass  temperature.  When  the  load  and  carcass  temperature 
are  held  constant,  rolling  resistance  increases  with  increasing  deflection  and 
increasing  velocity.  For  a  constant  deflection  and  carcass  temperature, 
rolling  resistance  decreases  with  increasing  inflation  pressure,  Kxperimcntal 
data  from  this  study  indicate  that  increasing  carcass  temperature  while  main¬ 
taining  a  constant  deflection  results  in  decreasing  rolling  resistance. 

Tire  life  as  characterized  by  carcass  durability  is  highly  dependent  on 
deflection  for  9.50-16  and  12.50-16  size  tires.  However,  at  high  deflections, 
expandable  (folding  sidewall)  tires  of  these  sizes  last  significantly  longer  than 
do  conventional  construction  bias  ply  tires.  At  rated  deflections,  i„e, , 
deflections  resulting  from  rated  loads  and  inflation  pressures,  and  for  the 
larger  size  (17.00-20,  20.00-20)  tires,  no  significant  difference  in  tire  life 
due  to  deflection  or  constniction  was  evident  within  the  range  of  test  cycles 
undergone. 


iii 


AFFDL-TR-70-138 


TABLE  OF  CONTENTS 

SECTION  PAGE 

I  INTRODUCTION  1 

II  ROLLING  RESISTANCE  2 

1.  A  Method  of  Determining  Rolling  Resistance 

on  the  Dynamometer  2 

2.  Test  Procedure  5 

3.  Results  6 

HI  TIRE  LIFE  (CARCASS  DURABILITY)  16 

1.  Derivation  of  Test  Conditions  16 

2.  Results  20 

IV  CONCLUSIONS  AND  RECOMMENDATIONS  27 

APPENDIX  MISSION  CYCLE  TEST  CURVES  29 


Preceding  page  blank 

V 


AFFDL-TR-70-138 


ILLUSTRATIONS 

FIGURE  PAGE 

1.  Free  Body  Diagrams  for  Two  Cases  of  Rolling  Motion  4 

it 

2.  Freewheeling  Flywheel  4 

3.  Flywheel  and  Tire  With  Mutual  Reaction  Forces  4 

4.  Rolling  Resistance  vs  Velocity:  9.50-16/10  PR 

(10,000  1b.  Applied  Load,  80°F  Mean  Temperature)  8 

5.  Rolling  Resistance  vs  Velocity:  9.50-16/10  PR 

(30%  Deflection,  80° F  Mean  Temperature)  9 

6.  Rolling  Resistance  vs  Velocity:  9.50-16/10  PR 

(35%  Deflection,  80°F  Mean  Temperature)  10 

7.  Rolling  Resistance  vs  Velocity:  9.50-16/10  PR 

(10, 000  lb.  Applied  Load,  30%  Deflection)  11 

8.  Rolling  Resistance  vs  Velocity:  17.00-20/22  PR 

(24,000  1b.  Applied  Load,  80aF  Mean  Temperature)  12 

9.  Rolling  Resistance  vs  Velocity:  20.00-20/22  PR 

(33,000  1b.  Applied  Load,  80°F  Mean  Temperature)  13 

10.  Rolling  Resistance  vs  Velocity:  17.00-20  Expandable 

(24,000  lb.  Applied  Load,  80°F  Mean  Temperature)  14 

11.  Rolling  Resistance  vs  Velocity:  20.00-20  Expandable 

(33,000  1b.  Applied  Load,  80  r  Mean  Temperature)  15 

12.  Static  Aircraft  Loads  16 

13.  Main  Gear  Impact  Loads  18 

14.  Nose  Gear  Loads  During  Landing  Deceleration  19 

15.  Mission  Takeoff:  C-123  NLG  Tire  (9.50-16)  30 

16.  Mission  Landing:  C-123  NLG  Tire  (9.50-16)  31 

17.  Mission  TakcoU:  C-123  MLG  Tire  (17. 00-20)  32 

18.  Mission  Landing:  C-123  MLG  Tire  (17. 00-20)  33 

10.  Mission  Takeoff;  C-130  NLG  Tire  (12.50-16)  34 

20.  Mission  Landing:  C-130  NLG  Tire  (12.50-16)  35 

vl 


AFFDL-TR-70-138 


ILLUSTRATIONS  (Could) 

FIGURE  PAG 

21.  Mission  Takeoff:  C-130  MLG  Tire  (20.00-20)  .'JG 

22.  Mission  landing:  C-130  MLG  Tire  (20.00-20)  27 


TABLES 

TABLE 

I  0123  and  0130  Parameters  20 

II  Mission  Cycle  Test  Results  21 


vii 


AFFDL-TR-70-138 


SYMBOLS 

F  Reaction  force  between  the  dynamometer  flywheel  and  the  tire/ wheel 

assembly  acting  tangential  to  the  flywheel 

Fj  instantaneous  aircraft  ground  reaction 

Aerodynamic  lift  force  at  touchdown 

F^  Rolling  resistance  force 

F„  Static  airr  raft  ground  reaction 

Ij  Mass  moment  of  inertia  of  the  dynamometer  flywheel 

I  Mass  moment  of  inertia  of  the  tire/ wheel  assembly 

L  Load  applied  at  the  tire/ wheel  assembly  axle 

Distance  of  the  nose  gear  from  the  center  of  gravity 
L.,  Distance  of  the  main  gear  from  the  center  of  gravity 

L.  Instantaneous  aerodynamic  lift  force 

M  Aircraft  mass 

Mj  A  moment  acting  on  the  dynamometer  flywheel  due  to  bearing  friction 

A  moment  acting  on  the  tire/ wheel  assembly  due  to  rolling  resistance 
Rc  Rolling  resistance  coefficient 

R  Total  reaction  at  the  main  gear  position 

Rmi  Main  gear  impact  load 

Rq  Total  reaction  at  the  nose  gear  position 

Instantaneous  ground  velocity 
Vt  Takeoff  velocity 

W  Aircraft  gross  weight 

a  Braking  deceleration 

d  Shock  strut  stroke  plus  tire  deflection 

e  Displacement  of  normal  component  of  ground  reaction 

g  Acceleration  due  to  gravity 
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Center  of  gravity 


Distance  of  the  aircraft  center  of  gravity  from  the  ground 

Constant  of  proportionality 

Shock  strut  stroke 

Radius  of  dynamometer  flywheel 

Effective  rolling  radius  of  the  tire/ wheel  assembly 

Time 

Aircraft  sink  speed  at  touchdown 

Flywheel  angular  displacement,  no  tire  loads  present 

Flywheel  angular  displacement,  tire  loads  present 

Angular  displacement  of  the  tire/  wheel  assembly 

Vertical  position  coordinate  at  touchdown 

Vertical  position  coordinate  at  maximum  strut  deflection 
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SECTION  1 
INTRODUCTION 

Current  Air  Force  missions  require  that  aircraft  operate  from  unprepared 
or  semi-prepared  airstrips.  In  many  cases,  aircraft  operating  from  such  strips 
(particularly  cargo  aircraft)  experience  severe  flotation  problems. 

Previous  work  by  the  Air  Force  Flight  Dynamics  Laboratory  and  others  had 
shown  that  flotation  could  be  substantially  improved  by  lowering  tire  inflation 
pressure,  resulting  in  a  lower  mean  contact  pressure.  However,  the  effects  of 
the  resulting  high  deflections  on  such  properties  as  tire  life  and  rolling 
resistance  were  known  only  in  a  general  qualitative  fashion. 

The  purpose  of  this  effort  was  to  determine  more  specifically  the  dependency 
of  tire  life  (carcass  durability)  and  rolling  resistance  on  tire  deflection. 

The  tires  selected  for  this  study  were  the  9.50-16  (C-123  nose),  17.00-20 
(C-123  main),  12.50-16  (C-130  nose),  and  20.00-20  (C-130  main)  sizes. 

Both  conventional  construction  and  folding  sidewall  tires  were  tested. 
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SECTION  U 

ROLLING  RESISTANCE 

1.  A  METHOD  OF  DETERMINING  ROLLING  RESISTANCE  ON  THE 
DYNAMOMETER 

Any  rolling  object,  whether  in  steady  state  or  under  acceleration, 
experiences  a  certain  resistance  tending  to  retard  its  motion.  This  phenomenon 
is  explained  in  elementary  mechanics  in  the  following  way. 

Consider  the  steady  state  rolling  of  a  solid  elastic  cylinder  on  a  flat  surface 
(Figure  la).  From  observation,  we  know  that  a  force  F  is  required  to  keep  it 
in  motion.  Therefore,  there  must  be  a  resisting  force  acting  through  the  center 
of  gravity  opposing  the  motion.  This  is  the  force  N  acting  at  a  small  angle  B. 
The  angle  Bis  a  result  of  deformations  of  the  two  bodies.  Equating  horizontal 
forces  and  making  the  small  angle  assumption,  we  arrive  at 


We  call  F  the  rolling  resistance  force. 

Now,  consider  a  tire  in  general  rolling  motion.  A  free  body  schematic  is 
shown  in  Figure  lb.  Here  the  total  resisting  force  is  represented  by  its  two 
orthogonal  components.  The  vertical  component  is  displaced  from  the  tire 
centerline  by  an  amount  e,  which  is  on  an  order  of  several  inches  for  pneumatic 
tires.  Summing  moments  and  intertial  terms,  we  arrive  at 

Frg  -  Le  f  Ig  d  -  0  (1 1 

Next,  let  us  look  at  a  dynamometer  flywheel  decelerating  due  to  friction 
forces.  A  free  body  diagram  is  depicted  in  Figure  2.  Again  summing  moments 
and  inertial  terms,  we  arrive  at 

-M,  +  I,  d,  *  0  (2) 

Finally,  consider  the  ease  of  a  tire  loaded  against  a  rotating  flywheel,  both 
decelerating  due  to  friction  effects  and  tire  rolling  resistance.  The  free  body 
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diagrams  for  this  case  are  shown  in  Figure  From  Figure  ha,  summing 
moments  and  inertial  terms  results  in 


-M,  -  Fr ,  -  Le  +  1,  a2  =  0  (3) 

Making  a  similar  summation  from  Figure  ;ib,  we  get 

Fr2  -  Le  +  I2  6  -  0  (*) 

In  Equation  4  we  have  assumed  that  the  tearing  friction  is  small  as  compared 
to  the  other  forces  present. 


«Ve  now  want  to  arrive  at  an  equation  for  F  containing  only  variables 
pertaining  to  the  dynamometer  flywheel.  We  do  this  because  the  dynamometer 
wheel  is  more  readily  instrumented. 


Substracting  Equation  4  from  Equation  3  and  rearranging  terms  results  in 


~F(r,  4-  r2)  «  M,  -  I,  d2  +  I20 


(5) 


Making  the  substitution  M  •  1,  ci,  from  Equation  2,  we  get 


Fir,  +  r9)  *  X |  ct |  -  1 1  ti2  +  I?  # 


(6) 


We  still  have  the  tire  variable  9  to  eliminate.  We  do  this  by  making  the 
approximation 

e  -  p-  d2 

r2  * 


(7) 


Making  this  substitution,  Equation  G  becomes 


-Fir,  +  rg)  *  1 1  |  —  It  a2  +  12  7^  a2 


(8) 


Collecting  terms,  we  get 


F(r,4-r2)  =  -  (1,  -  I2  ^  )  d2  +  X,  d, 


(8) 
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1  \l 

..  5TIADY  MATI  .OU.NG,  ».  «  * 

CLASTIC  CYLINDIK  KNIUMATIC  TIM 

Figure  1.  Free  Body  Diagrams  for  Two  Cases  of  Rolling  Motion 


Figure  2.  Freewheeling  Flywheel 


« 


FLYWHEEL  WITH 
TIKI  LOAOS 


b.  TIKI  WITH 

FLYWHEEL  LOADS 


Figure  3.  Flywheel  and  Tire  With  Mutual  Reaction  Forces 
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or 


-Fir,  + 


r2) 


-I,ll-y 


I 


a2+  !, 


A  further  simplification  of  Equation  10  is  possible  since 


thus 


(10) 


(ID 


,2i .  -i,a2+  t, a,  !i2i 

Collecting  terms  and  dividing  both  sides  by  ~(r^  +  r^),  we  get 

F  *  I,  (  a2  “  a,)  /  ( r,  +  r2)  (13) 

This  then  is  the  rolling  resistance  force  in  terms  of  the  easily  measured 
quantities  1 ,  t  r, ,  r2  •  ci2 1  and  a,  . 


We  can  define  a  dimension  less  rolling  resistance  coefficient  by  dividing 
Equation  13  by  the  applied  tire  load.  Mathematically,  we  can  say 


„  „  F_  Ilta2~ 

c  '  L  L(  r,  +  r2) 


(14) 


2.  TEST  PROCEDURE 

Test  procedure  for  each  tire  was  as  follows;  prior  to  testing,  the  tire  was 
put  through  the  standard  stretch  and  break  in  procedure  outlined  in  MIL-T-5041E. 
The  tire/ wheel  assembly  was  then  mounted  on  the  dynamometer  load  carriage 
and  the  inflation  pressure  was  adjusted  to  get  the  desired  deflection  at  a  load 
within  the  static  load  range  of  that  tire  on  the  aircraft.  In  order  to  minimize 
the  effects  of  heat  and  pressure  buildup  In  the  tire  during  the  test,  tire  time  on 
the  dynamometer  was  kept  at  a  minimum.  This  was  accomplished  in  the 
following  way:  The  ground  velocity  range  of  each  aircraft  was  divided  into 
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throe  parts,  establishing  starting  speeds.  The  flywheel  was  then  brought  up  to 
the  desired  starting  speed  and  the  drive  motor  was  shut  olT.  The  tire  was 
loaded  againsl  the  flywheel  and  flywheel  velocity  as  a  function  of  time  was 
recorded.  Tire  time  on  the  flywheel  was  on  the  order  of  ;10  seconds.  Typical 
temperature  (contained  air)  rise  was  r>° !•’  and  typical  pressure  Increase  was 
2  PSI. 


The  raw  data  was  gathered  in  the  following  way:  a  magnetic  proximity 
sensor  detected  the  passing  of  regularly  space  gear  teeth  on  the  flywheel  shaft. 
The  resulting  signal  was  used  to  open  and  close  a  gate  in  an  Events  Per  Unit 
Time  (KPUT)  Meter,  allowing  the  number  of  cycles  of  a  signal  from  an  internal 
cryslaJ  to  !>e  counted.  Since  the  diameter  of  the  flywheel  is  known,  this  data  is 
directly  convertible  to  velocity.  The  sampling  rate  was  provided  by  a  preset 
controller,  which  reset  the  EPUT  meter  every  two  or  five  seconds,  depending 
on  flywheel  velocity.  The  control  signal  used  by  the  preset  controller  was  a 
GO  Hz.  line  voltage  from  the  facility  electrical  system. 

The  raw  data  was  converted  to  angular  velocity  versus  time  and  then 
smoothed,  using  an  averaging  technique.  The  result  was  then  used  to  perform 
the  calculations  in  Equations  10  and  14.  The  final  printout  was  a  tabulation  of 
Uc  versus  velocity  with  units  of  miles  per  hour. 


0.  RESULTS 

Figures  4  through  11  arc  the  results  of  the  rolling  resistance  tests  in 
graphical  form.  The  data  points  in  these  plots  exhibit  considerate  scatter. 

This  scatter  is  caused  primarily  by  the  presence  of  two  phenomena  during  the 
test  runs:  electromagnetic  noise  introduced  by  the  large  electrical  dynamometer 
drive  motors  and  poor  tire  load  stability.  The  high  level  of  electromagnetic 
noise  in  the  test  area  caused  spurious  signals  to  l)e  recorded  by  the  instrumen¬ 
tation,  often  obscuring  trends  in  the  desired  signal.  The  observed  variation 
in  tire  loads  has  two  possible  sources;  1)  the  tire/wheel  assembly  unbalance 
due  to  contained  air  lines  could  cause  the  noticeable  cyclic  load  variation,  and 
2)  the  vibration  from  the  wheel  unbalance  could  allow  the  load  piston  to  over¬ 
come  friction  forces  acting  between  the  piston  and  cylinder  wall,  causing  the 
piston  to  relocate  itself  in  a  neutral  position.  Since  rolling  resistance  is  highly 
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dependent  on  tire  deflection,  even  a  slight  change  in  piston  position  during  the 
test  run  is  significant. 
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Figure  9.  Rolling  Resistance  vs  Velocity:  30.00-20/32  PR 

(33,0001b.  Applied  Load,  80°F  Mean  Temperature) 
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TIRE  LIFE  (CARCASS  DURABILITY) 

1.  DERIVATION  OF  TEST  CONDITIONS 

In  this  portion  of  the  test  program,  the  various  tires  were  subjected  to 
simulated  assault  missions;  i.e.  the  loads  and  speeds  that  a  particular  tiro 
undergoes  during  typical  takeoffs  and  landings  were  reproduced  on  the 
dynamometer  to  the  extent  possible  with  the  stated  assumptions  below. 

Tire  loads  for  the  taxi-takeoff  condition  were  calculated  in  the  following 
manner  (Reference  Figure  12); 


Figure  12.  Static  Aircraft  Loads 

Treating  the  aircraft  as  a  simply  supported  beam,  equilibrium  of  vertical  forces 
yields 

Rn  +  Rm  --  W  (15) 

and  equilibrium  of  moments  about  the  main  landing  gear  (MLG)  yields 

(L,  +  Lz)  R„  *  WLg  (16) 

Solving  Equations  15  and  16  for  and  R^  results  in 


and 


(17) 


(18) 
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where  Rq  is  the  total  reaction  at  the  nose  gear  (NG)  position  and  R  is  the  total 
reaction  at  the  main  gear  position.  Equations  17  and  18  give  the  static  reactions. 
These  values  can  also  be  used  for  the  taxi  portion  of  the  taxi-takooff  condition 
since  aerodynamic  forces  are  negligible  at  taxi  speeds. 

If  we  assume  that  the  center  of  lift  and  the  center  of  gravity  are  coincident, 
that  the  aerodynamic  control  surfaces  are  fixed,  and  that  the  aircraft  attitude 
remains  constant,  tire  loads  during  takeoff  can  be  calculated  in  the  following 
way: 


From  elementary  aerodynamics,  under  the  above  conditions,  we  can  say 
that  the  instantaneous  lift  is  proportional  to  the  square  of  the  velocity;  i.e. , 

Lj  *  kVj*  (19) 

Instantaneous  total  aircraft  ground  reaction  is  then  the  difference  between  the 
static  reaction  and  instantaneous  lift; 

Fj  «  Fs  -  kV,2  (20) 

But  at  the  moment  of  lift  off,  ground  reaction  is  zero.  Thus, 

Fs  *  kVt*  (21) 

where  is  the  takeoff  velocity.  Solving  for  k  in  Equation  21,  substituting  the 
result  into  Equation  20  and  factoring  yields 


Equation  22  can  be  used  to  calculate  individual  tire  loads  by  replacing  F  ,  with 

s 

the  appropriate  static  tire  loads  since  we  assumed  that  the  aircraft  attitude  was 
constant.  The  values  of  and  in  Equation  22  were  obtained  from 
performance  data  in  the  aircraft  T,  O.'s  and  from  flight  test  data. 

Tire  loads  for  the  land-taxi  condition  were  determined  as  follows:  For  the 
purpose  of  this  calculation,  it  was  assumed  that  the  kinetic  energy  of  the  aircraft 
due  to  the  vertical  component  of  its  velocity  was  entirely  absorbed  by  the  main 
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gear  shock  absorbers,  and  that  the  shock  absorber  efficiency  was  100%,  i.e. , 
the  load-stroke  curve  was  a  step  function.  Figure  13  is  a  representation  of  the 
aircraft  with  the  above  assumptions. 


Deflections 

Figure  13.  Main  Gear  Impact  Loads 

Equating  the  change  in  kinetic  and  potential  energy  to  the  work  done  by  the 
external  forces  between  states  a)  and  b)  results  in 

\  M(x|-  *{)  +  M q  {  Xg  —  x j  1  *  (FL+Rml)(x2-x,)  (23) 

2  , 2  *9  /» 

Rewriting  Equation  23  using  the  substitutions  v  =  -  Xr>,  X  =  xi  “  x2 

results  in 

Mv*  +  Mq2  *  (Fl+  Rmj)^  (24) 

where  v  is  the  sink  speed  at  touchdown,  £  is  the  shock  strut  stroke,  F2  is  the 
lift  force  at  touchdown,  and  Rmi  is  the  main  gear  impact  load.  For  the  ideal 
assault  landing  aircraft  stall  speed  is  reached  at  the  moment  of  touchdown. 
Therefore,  in  Equation  24  is  zero.  Rewriting  Equation  24  and  solving  for 

Rmi  yields 

^  Mv*  +  Mqi. 

Rmi  *  - - j -  125) 

Equation  25  establishes  an  upper  bound  for  the  main  landing  gear  impact  loads. 
To  establish  a  lower  bound,  rewrite  Equation  24  to  get 

■j  Mv*  +  Mqd  *  IFL+  Rmi  )d  (26) 
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where  d  is  the  shock  strut  stroke  plus  tire  deflection.  Solving  Equation  2G  for 
Rmi  yieids 

i  My1  +  Mqd 

Rm,  =  ^ - - - - Fl  (27) 

Taxi  loads  for  the  main  gear  can  be  calculated  using  Equation  18  where  W  is  now 
the  landing  gross  weight,  and  the  effects  of  braking  forces  are  Ignored. 

Nose  gear  loads  during  landing  deceleration  can  be  calculated  as  follows*. 


1 

r 

Rn  L' 

r~ 

Figure  14.  Nose  Gear  Loads  During  Landing  Deceleration 


Referring  to  Figure  14,  summation  of  moments  about  results  in 

-  Mah  -  MqLg  +  Rn  (  L,  +  Lg )  *  0  (28) 

Solving  for  Rq  yields 


Mah  4*  MgL2 
L,+  l2 


(29) 


where  a  is  the  deceleration  o  during  landing  Equation  29  ignores  the  effects 
of  pitching  moment  of  inertia  of  the  aircraft,  lift  forces,  and  assumes  that  no 
reverse  thrust  is  used,  thus  giving  conservative  values  for  the  nose  gear  loads. 


The  following  values  were  used  to  calculate  the  load  profiles. 
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TABLE  I 

C-123  AND  0130  PARAMETERS 


C-123 

C-130 

Taxi 

W 

Ll 

60,000  lbs. 

222  in"- 

155,000  lbs. 

2W1  in* 

Takeoff 

Lo 

56  in-”- 

in-”- 

Condition 

h‘ 

105  in 

165  in 

vt 

Takeoff  Distance 

120  mph 

2500  ft. 

132  mDh 

2500  ft. 

land 

W 

53,000  Ibr. 

: ',o,noo  lbs. 

Taxi 

-V* 

10  ft/sec 

9.1  ft/sec  ^ 

10  ft/sec 

Condition 

a 

7  ft/s ec^ 

d 

fl 

Landing  Distance 

20.3  inch 

53,000  lbs. 

2,000  ft. 

22  inch 
11+0,000  lbs. 

2,500  ft. 

*  Maximum  aircraft  center  of  gravity.  Values  used  for  the  C-130  measured 
from  midpoint  of  main  gear  struts. 

The  velocity  time  histories  were  obtained  from  the  aircraft  T.  O.’s  and  flight 
test  data.  The  load  and  speed  time  histories  used  for  the  mission  cycle  tests 
are  seen  In  Figures  15  through  22  in  the  Appendix. 

2.  RESULTS 

The  purpose  of  this  part  of  the  test  program  was  to  determine  the  effects 
of  high  deflections  on  tire  life,  i.e, ,  carcass  durability.  To  this  end,  the 
tires  were  subjected  to  simulated  assault  missious  as  derived  in  the  previous 
section.  The  tires  were  tested  at  deflections  varying  from  307o  to  507o.  The 
load  at  which  the  deflections  were  established  was  the  taxi  load  of  the  particular 
condition  the  tire  was  undergoing,  i.e.  takeoff  or  landing  condition.  The 
results  are  tabulated  by  size  and  type  in  Table  n. 
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TABLE  II 

MISSION  CYCLE  TEST  RESULTS 


M5mmm 
Wam nsm 

tire  NO. 

PERCENT  DEFL. 

T.T.O." 

COMPLETED 

L.T."'" 

COMPEKTKR 

9.50-16/10PR 

Conventional 

Construction 

i 

50 

-  -  37 

79 

10 

p 

15 

„ 15  .  ..  

10 

1 

3  .. 

15  .  . 

HIM 

mmmm 

TO 

-  1. 

10 

.  53  -  .. 

HES1HHI 

251 

5 

30 

71 

5ou 

500 

1 

50 

45  - 

111 

110 

50 

17.uG-20/22Pk 

Conventional 

Constniction 

1 

.  .15 

_ .  .  71  . 

..  331 

330  .  . 

P 

..  .  .  45 

76 

498 

190 

3 

.  ..  --  35  . 

98  __ 

300 

300 

i 

5o 

75 

1  50 

150 

o 

50 

-  _  72  _ 

150 

150 

12. 50-16/12PR 

Conventional 

Construction 

i 

-13  . 

30 

1.0 

5 

p 

35 

— a— 

90 

06 

3 

30 

mam 

310 

3Q1  . 

12.50-16 

Expandable 

1 

_  50  _ 

__  50 

117 

110 

2 

50 

50 

150 

150 

ESEIIBiSuSffii 

1 

50 

59 

300 

300 

2 

35 

95 

3.00  _ 

300 

20.00-20 

JilgaafldaJals _ 

1 

_  -.50 . . 

73 

150 

150 

o 

.  30 . 

_ Ik _ 

150 

150 

*  Taxi-Takeoff  Land-Taxi 

9.50-16/ 10  PR  Conventional  Construction 


Tire  1  completed  79  taxi-takeoff  cycles  and  10  land-taxi  cycles  at  50% 
deflection  before  failure.  Inspection  revealed  inner  liner  and  cord  rupture  in 
the  shoulder  area.  No  damage  was  visible  on  the  exterior  surface  of  the  tire. 
Typical  contained  air  temperature  rise  during  taxi-takeoff  cycles  was  19* F  and 
during  land-taxi  cycles,  typical  rise  was  48*F. 

Tire  2  failed  after  10  taxi-takeoff  cycles  and  1  land-taxi  cycle  at  45% 
deflection.  Approximately  157o  of  the  outboard  sidewall  and  50%  of  the  inboard 
sidewall  ruptured  near  the  juncture  of  the  sidewall  and  tread.  Typical  contained 
air  temperature  rise  during  taxi-takeoff  cycles  was  iJ5°F.  The  temperature 
increased  64°F  during  the  land-taxi  cycles. 
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Tiro  3  completed  30  mission  cycles  <30  each,  T'L'O  and  LT)  at  45% 
deflection  before  failure.  Inspection  revealed  inner  liner  and  coni  rupture  in 
the  shoulder  area.  No  exterior  damage  was  visible.  Typical  contained  air 
temperature  rise  during  taxi-takeoff  cycles  was  23°F  and  during  land-taxi  cycles, 
typical  rise  was  79° F. 

Tire  4  completed  2G0  taxi-takcoff  cycles  and  351  land -taxi  cycles  at  40% 
deflection  before  failure.  Failure  was  due  to  rupture  of  the  inner  tube, 
apparently  due  to  pinching  at  the  high  deflections  encountered.  Inspection  of  the 
tire  revealed  a  large  blister  on  the  inboard  sidewall  of  the  tire  and  the  testing 
was  stopped.  Typical  contained  air  temperature  rise  during  taxi-takeoff  cycles 
was  18°F  and  during  land-taxi  cycles,  typical  rise  was  50°F. 

Tire  5  completed  500  mission  cycles  without  failure.  Contained  air 
temperature  was  not  measured  due  to  loss  of  the  commutator  during  the  previous 
tire  test.  Sidewall  temperature  measured  with  a  hand  held  probe  Immediately 
after  completion  of  each  run,  showed  a  10®F  temperature  rise  during  taxi  takeoff 
cycles  and  a  20°F  rise  during  land-taxi  cycles  on  the  average. 

9.50-16  Expandable 

Tire  1  completed  114  taxi-takeoff  cycles  and  110  iand-taxi  cycles.  Testing 
was  stopped  due  to  large  bulges  on  both  sidewalls  indicating  ply  separation. 

The  sidewall  bulges  developed  after  110  mission  cycles.  Tire  deflection  was 
50%.  Temperature  data  was  not  taken  due  to  malfunction  of  the  pyrometer. 
Folding  quality  was  excellent  for  the  first  50  mission  cycles.  Thereafter, 
folding  time  progressed  from  10  sec.  to  175  sec.  Typical  offset  after  50  mission 
cycles  was  l/2  inch.  The  term  offset  as  used  in  this  report  is  the  displacement 
of  the  tread  center  plane  from  the  wheel  center  plane. 

Tire  2  failed  by  gross  carcass  rupture  on  the  second  rolling  resistance  run 
(at  approximately  70  mph,  10,000  lb.  load), 

17.00-20/22  PR  Conventional  Construction 

Tire  1  completed  334  taxi-takeoff  cycles  and  330  land -taxi  cycles  at  15% 
deflection  without  failure.  Typical  contained  air  temperature  rise  during 
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taxi-takeoff  cycles  was  18°F  and  during  land-taxi  cycles,  the  typical  rise  was 
2ti#F.  The  peak  load  on  the  land-taxi  cycles  was  30,000  lbs,  for  this  tire.  The 
land-taxi  peak  load  was  changed  to  40,000  lbs.  for  the  remaining  17.00-30  tires. 

Tire  2  completed  498  taxi-takeoff  cycles  and  490  land-taxi  cycles  at  45% 
deflection  without  failure.  Contained  air  temperature  rise  during  taxi-takeoff 
cycles  was  typically  19°F  and  during  land-taxi  cycles  typical  rise  was  32°F. 

Tire  3  completed  300  mission  cycles  at  35%  deflection  without  failure.  The 
contained  air  temperature  increased  9°F  typically  during  taxi-takeoff  cycles  and 
15°F  during  land-taxi  cycles. 

17.00-20  Expandable 

Tire  1  completed  150  mission  cycles  without  failure.  Deflection  was  50%. 
Typical  sidewall  temperature  rise  during  taxi-takeoff  cycles  was  17°F  and  typical 
rise  during  land-taxi  cycles  was  33°F.  The  tire  folded  3  in.  offset  to  the  inboard 
side  at  start  of  testing  and  progressed  to  a  6  in.  offset  to  the  inboard  at  the  end 
of  testing.  Cracks  in  the  surface  rubber  in  the  fold  area  developed  after 
14  mission  cycles.  Ply  separation  was  noticed  after  100  taxi-takeoff  cycles 
and  90  land  taxi  cycles  in  the  form  of  two  large  bulges  extending  from  the  fold 
to  the  shoulder  approximately  10  In.  apart  in  the  outboard  sidewall.  An 
attempted  land-taxi  after  completion  of  the  150  mission  cycles  with  the  tire 
completely  folded  resulted  in  loss  of  bead  seat  and  rupture  of  the  sidewalls 
several  places  around  the  circumference  of  the  tire. 

Tire  2  completed  150  mission  cycles  without  failure.  Deflection  was  50%. 
Sidewall  temperature  rise  during  taxi-takeoff  cycles  was  15°F  typically.  During 
land-taxi  cycles  the  temperature  rose  30°F  typically.  Folding  quality  was  fair: 
offset  progressed  from  l/3  tn.  outboard  at  start  of  testing  to  2  in.  outboard  at 
end  of  testing.  Average  fold  time  was  on  the  order  of  100  sec.  Two  small 
cracks  developed  in  the  tread  area  after  20  taxi-takeoff  cycles  and  10  land-taxi 
cycles.  The  crack  dimensions  after  150  mission  cycles  were  .03  in.  w.’an  by 
0.5  in.  long  by  .12  in  deep  and  .03  in.  wide  by  0,25  in.  long  by  .12  in.  deep. 
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12.50- 16/13  PR  Conventional  Construction 

Tire  1  completed  10  taxi-takeoff  cycles  and  5  land-taxi  cycles  at  43% 
deflection  before  failure.  Failure  wa3  by  sidewall  rupture  near  the  tire 
shoulder.  Sidewall  temperature  rise  during-taxi  takeoff  cycles  was  typically 
17°F  and  during  land-taxi  cycles,  temperature  rise  progressed  from  20°F  on  the 
first  run  to  80°F  on  the  last  run. 

Tire  2  completed  90  taxi-takeoff  cycles  and  80  land-taxi  cycles  at  35% 
deflection  before  failure.  Inspection  revealed  inner  liner  and  cord  rupture  in 
the  shoulder  area.  No  damage  was  visible  on  the  exterior  surface  of  the  tire. 
Typical  sidewall  temperature  rise  during  taxi -takeoff  cycles  was  9°F  and  during 
land-taxi  cycles,  typical  rise  was  40°F. 

Tire  3  completed  310  taxi-takeoff  cycles  and  304  land-taxi  cycles  at  30% 
deflection  before  failure.  Inspection  revealed  inner  liner  and  cord  rupture  in 
the  shoulder  area.  No  exterior  damage  was  visible.  Typical  sidewall 
temperature  rise  during  taxi-takeoff  cycles  was  6°F  and  typical  rise  during 
land-taxi  cycles  was  33°F. 

12.50- 16  Expandable 

Tire  1  completed  117  taxi-takeoff  cycles  and  110  land-taxi  cycles  at  50% 
deflection  before  failure.  Failure  occurred  by  carcass  rupture  in  the  inboard 
fold  area  several  places  around  the  tire  circumference.  Sidewall  temperature 
rise  during  taxi-takeoff  cycles  was  33°F  typically  and  during  land-taxi  cycles 
typical  rise  was  43°F.  Folding  quality  was  poor;  folding  time  progressed 
from  120  sec.  at  test  start  to  25  min.  for  complete  settling  at  end  of  testing. 
Offset  progressed  from  zero  to  1  in.  in  the  same  period.  Some  cracking  of 
the  surface  rubber  in  the  fold  area  developed  after  96  mission  cycles. 

Tire  2  completed  150  mission  cycles  at  a  deflection  of  50%  without  failure. 
Foldiug  quality  was  excellent  for  the  first  100  mission  cycles.  After  the  100th 
mission  cycle  folding  quality  deteriorated  until  after  120  mission  cycles,  the 
tire  folded  completely  offset  to  the  inboard  side.  Temperature  data  is  not 
available  for  this  tire. 
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20,00-20/22  PR  Conventional  Construction 

Tire  1  completed  300  mission  cycles  at  50%  deflection  without  failure. 
Contained  air  temperature  rise  during  both  taxi-takeoff  cycles  and  land-taxi 
cycles  was  typically  13°F. 

Tire  2  completed  300  mission  cycles  at  35%  deflection  without  failure. 
Contained  air  temperature  rise  during  mission  cycles  was  on  the  order  of  10°F. 

20.00-20  Expandable 

Tire  1  completed  150  mission  cycles  at  a  deflection  of  50%  without  failure. 
Typical  sidewall  temperature  rise  during  taxi-takeoff  cycles  was  17°F  and  during 
land-taxi  cycles  the  average  rise  was  21°F.  Folding  quality  was  extremely 
poor;  i.e,,  the  tire  folded  completely  offset  to  either  aide. 

Tire  2  completed  150  mission  cycles  without  failure.  Deflection  was  50%. 
Sidewall  temperature  rise  during  taxi-takeoff  cycles  was  13°F  on  the  average 
and  during  land-taxi  cycles  the  average  rise  was  20°F.  The  tire  folded 
completely  offset  to  either  side. 

The  9.50-16  land-taxi  load  profile  (Figure  16)  shows  a  peak  load  of  10,  350 
lbs.  This  is  erroneous.  The  load  should  rise  to  9, 150  lbs.  and  stay  constant 
at  that  level  for  the  duration  erf  the  deceleration.  The  first  four  9.50-16/ 10  PR 
tires  had  completed  the  test  program  before  this  error  was  discovered.  It  was 
decided  to  continue  to  use  this  profile  in  order  not  to  lose  the  accumulated  data, 
since  the  purpose  of  these  tests  was  to  gain  knowledge  of  relative  performance; 
i.e.  50%  deflection  vs  30%,  45%  deflection  vs  30%  etc. 

The  peak  loads  on  the  main  landing  gear  laud-taxi  curves  were  arbitrarily 
chosen  at  40, 000  lbs. ,  the  maximum  load  capability  of  the  84  inch  dynamometer. 
This  value  lies  between  the  upper  and  lower  bound  values  calculated  in  Equations 
25  and  27.  The  rise  times  of  all  the  loads  are  determined  by  the  maximum  load 
application  rate  of  the  dynamometer  load  carriage. 
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It  should  l>e  noted  that  tho  mission  cycle  tests  as  performed  on  the  dyna¬ 
mometer  are  indicative  primarily  of  the  ability  of  the  carcass  to  withstand  the 
high  deflections  encountered.  Actual  tire  life  in  the  field  is  expected  to  be 
considerably  shorter  due  to  a  much  higher  wear  rate  and  tread  cutting.  Also, 
it  is  important  to  note  that  loads  duo  to  braking  and  camber  on  the  main  gear 
tires,  and  camber  and  yaw  loads  on  the  nose  gear  tiros  were  not  accounted  for. 
These  loads  become  increasingly  important  as  tire  deflection  increases.  In 
drawing  any  conclusions  concerning  field  use  at  lower  than  rated  inflation 
pressures,  a  factor  to  consider  is  that  several  of  the  nose  gear  tires  tested 
failed  by  rupture  of  the  inner  liner  and  several  of  the  inner  plys,  with  no 
visible  exterior  damage.  Failure  was  usually  noted  by  an  abrupt  pressure 
loss,  indicating  inner  tube  failure  due  to  abrasion  or  pinching  by  the  ruptured 
plies.  Thus,  in  order  to  operate  tires  at  high  deflections  on  aircraft,  some 
form  of  nondestructive  testing  would  be  required,  both  before  Initial  use  and 
between  every  mission. 

Table  n  shows  that  for  the  nose  gear  tires  (9.50-16  and  12.50-16),  tire 
life  as  determined  by  carcass  durability  is  sharply  dependent  on  deflection,  and 
that  for  a  given  deflection,  the  expandable  tii'es  have  a  greater  life  expectancy. 
Observation  of  the  tires  under  load  show  that  the  conventional  construction  tires 
tend  to  buckle  in  the  sidewall  at  high  deflection  (>40%),  while  the  expandable 
tires  do  not.  At  deflections  where  sidewall  buckling  did  not  occur,  a  sharp 
increase  in  tire  life  of  the  conventional  construction  tires  occurred.  The 
difference  in  the  sidewall  deformations  between  the  two  types  of  tires  could 
explain  the  difference  in  tire  life.  The  main  gear  tires  (17.00-20  and  20.00-20) 
did  not  show  a  dependency  of  tire  life  on  deflection  within  the  range  of  the  total 
test  cycles.  It  was  noted  that  these  larger  size  tires  did  not  buckle  in  the 
sidewall  at  high  deflections. 
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SUCTION  IV 

CONCLUSIONS  AND  RECOMMENDATIONS 

On  the  basis  of  the  rolling  resistance  curves,  the  following  general 
conclusions  can  be  drawn.  The  rolling  resistance  of  a  tire  is  a  function  of 
velocity  and  deflection.  For  a  given  deflection,  rolling  resistance  is  nonlinear 
and  increasing  with  inc rtc-ing  velocity.  Although  we  can  say  that  rolling 
resistance  increases  with  increasing  deflection,  the  scatter  of  the  data  makes 
it  impossible  to  say  whether  the  relationship  is  linear  or  nonlinear.  Some 
parameter  variations  on  the  9.50-16  tires  indicate  that  increasing  inflation 
pressure  while  maintaining  a  constant  deflection  results  in  decreasing  rolling 
resistance  (Reference  Figures  5  and  6).  Figure  7  indicates  that  as  carcass 
temperature  increases,  rolling  resistance  decreases.  Assuming  that  Figure  7 
is  representative,  we  can  conclude  that  within  the  temperature  range  of  the  tire 
carcass  under  normal  operating  conditions,  the  effects  of  temperature  on  rolling 
resistance  are  not  significant.  (Peak  carcass  temperature  for  Type  III  tires 
under  normal  conditions  vary  from  100°F  to  120°F).  It  must  be  emphasized  that 
the  roiling  resistance  curves  generated  in  this  program  are  results  of  data  taken 
from  one  tire  of  each  size  and  type,  and  as  such,  are  only  qualitatively  valid. 

Analysis  of  the  results  of  the  mission  cycle  testing  (Reference  Table  II) 
indicates  that  at  an  approximate  deflection  of  4 o', '6.  tire  life  for  the  conventional 
construction  nose  gear  tires  (9.50-16  and  12.50-16)  changes  sharply.  (It  was 
noted  that  at  deflections  greater  than  40%,  sidewall  buckling  occurred).  It  is 
concluded  that  operation  at  40%  deflection  or  greater  is  extremely  hazardous 
since  internal  damage  or  construction  defects  could  lead  to  catastrophic  carcass 
failure  without  previous  warning.  The  expandable  tires  of  these  sizes  provided 
a  noticeably  increased  life  over  the  conventional  construction  tires  at  high 
deflections. 

The  main  gear  tires  (17.00-20,  20.00-20)  showed  no  difference  in  life 
between  the  two  carcass  construction  types  within  the  range  of  the  test  cycles  of 
this  program.  On  the  basis  of  dynamometer  testing,  a  45%  deflection  on  a 
freely  rolling  tire  of  these  sizes  is  not  harmful.  It  is  expected  that  the  tires 
would  be  removed  because  of  tread  wear  well  before  150  takeoffs  and  landings 
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are  accomplished  (These  sizes  completed  150  mission  cycles  on  the  dynamometer 
without  failure).  However,  the  effects  of  brake  loads  on  the  tire  at  high 
deflections  are  not  quantitatively  known.  In  general,  brake  loads  on  the  main 
gear  tires  will  reduce  effective  carcass  life.  These  effects  should  be  determined 
before  implementing  low  tire  pressures  as  a  general  procedure  to  provide 
increased  flotation. 

Therefore,  it  is  recommended  that  reducing  tire  pressures  to  improve 
flotation  not  be  adopted  for  conventional  construction  tires  until  1)  an  on-board 
inflation-deflation  system  is  developed  to  keep  operation  at  high  deflections  to  a 
minimum,  and  2)  a  nondestructive  test  procedure  is  developed  to  inspect  tires 
for  internal  defects  or  damage.  The  test  results  indicate  that  the  expandable  or 
folding  sidewall  carcass  construction  Is  more  suited  for  operation  at  high 
deflections,  and  it  is  felt  that  a  45%  deflection  can  be  tolerated.  However, 
since  any  defects  or  imperfections  are  greatly  magnified  at  high  deflections,  an 
extremely  tight  and  careful  quality  control  would  have  to  be  exercised  in  tire 
production. 
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APPENDIX 

MISSION  CYCLE  TEST  CURVES 
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LOAD  [LBS  x  tOOO] 

0  20  40  CO  CO  tOO  120  140 

SPUD  [MPH] 

Figure  15.  Mission  Takeoff:  C-123  NLG  Tire  (9.50-16) 
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Figure  16. 


Mission  Landing . 
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Figure  17.  Mission  Takeoff:  0123  MLG  Tire  (17.00-20) 
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LOAD  [lkS»tOOO] 

0  20  40  60  to  100  120  140 

SMIO  [mhm] 

Figure  18.  Mission  Landing:  C-123  MLG  Tire  (17.00-20) 
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LOAD  [IBS  «  1000] 

o  ao  40  oo  ao  ioo  tao  mo 

SPUD  [MPH] 


Figure  19. 


Mission  Takeoff:  0130  NLG  Tire  (12.50-16) 
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LOAD  [LBS  *  1000] 

0  20  40  40  10  100  130  140 

SPEED  [MPH] 

Figure  20.  Mission  Landing:  C-130  NLG  Tire  (12.50-16) 
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